INTRODUCTION
============

Diabetes is a major, growing health problem in the Korean population, due to its increased morbidity, mortality, and economic costs. Diabetes has been ranked as Korea\'s fifth leading cause of death after cancer, cerebrovascular diseases, cardiovascular diseases, and suicide, with a mortality rate of 21.5 per 100000 people in 2011.[@B1] Diabetes-related medical expenditures accounted for 19.2% of all medical expenditures funded through the National Health Insurance Service (NHIS) in Korea in 2003.[@B2] Thus, diabetes is not only a serious public health problem, but also a major burden for the national health insurance budget in Korea.

However, diabetes management in Korea is generally poor. Only 16.8% of Korean patients with diabetes reported self-monitoring their blood glucose, and about 40% had suboptimal glycemic control.[@B3] In addition, about half (52.9%) of patients with diabetes in Korea sought medical attention every year.[@B2]

In order to provide information on how patients could manage their diabetes, a case management program for diabetes was launched in 2002 as a pilot project, was adopted as a full program in 2004, and has been extended nationwide in Korea since 2006. The program provides chronically ill patients with guidance and advice on how to manage their conditions and use healthcare services appropriately. It aims to help consumers make better-informed decisions when practicing self-management activities and using healthcare services. The program also aims to prevent diabetic complications and excess costs due to unreasonable use of healthcare services.[@B4],[@B5]

Recently, the hypertension case management program of the NHIS was evaluated and found to improve lifestyle and reduce blood pressure within the case management group.[@B6] However, the case management program for diabetes was not evaluated. We aimed to estimate the changes in knowledge of diabetes, self-management skills, health behaviors, body mass index (BMI), and changes in healthcare service utilization in order to evaluate the effects of this case management program for people with diabetes.

MATERIALS AND METHODS
=====================

Structure and process of the NHIS case management program for diabetes
----------------------------------------------------------------------

Interventions were carried out using a 12-week plan for complex patients, consisting of four visits and two telephone calls, or an 8-week plan for under-serviced and uncomplicated patients, which consisted of three contacts made by visits or telephone calls. However, the instruction manual allowed case managers to increase or decrease the number of contacts or to extend or shorten the length of the intervention by 1 week, depending on patient needs. The average length of the intervention program was 10.7 weeks (SD=4.9), and 72.9% of patients received the interventions for 7-13 weeks. Of 413 case managers, including 33 nurses and 177 social workers, only 52.1% had qualifications related to the job. The detailed structure and process of case management, such as the selection and assessment of subjects, selection of case management issues, intervention, and evaluation were described in a previous study.[@B6]

Study design and subjects
-------------------------

We adopted a pre-post design to estimate the effects of the case management program between baseline and post-intervention.

In Korea, national health insurance is a social insurance scheme. All Koreans join a national insurance program as a form of health insurance or medical aid. All medical institutions have also been registered with the medical insurance program. After treatment of diseases that are covered by national health insurance, the medical institutions (hospitals or private clinics) submit insurance claims to the Health Insurance Review & Assessment Service (HIRA). Then, following review and assessment of these claims, HIRA makes payments to the healthcare institutions. These data from HIRA were shared with NHIS.

There were 985707 diabetic patients in the NHIS database in 2006. Of them, 6519 subjects were selected as an intervention group by case managers using a convenience sampling, and these subjects received the case management program from January 2006 to December 2006. Among these subjects, 401 did not complete the intervention program of diabetic case management, and 111 did not maintain eligibility for two years over the observation period. Therefore, 6007 subjects were selected as the study population. Inclusion criteria for the study population were defined to include those who were diagnosed with diabetes in the NHIS database, had completed the intervention program, and had maintained eligibility for national health insurance for two years.

Based on the International Classification of Diseases-10, data for patients with codes E10 (insulin-dependent diabetes mellitus), E11 (non-insulin-dependent diabetes mellitus), E12 (malnutrition-related diabetes mellitus), E13 (other specified diabetes mellitus), and E14 (unspecified diabetes mellitus) were extracted from the NHIS claim database and health check-up database.

Data collection
---------------

Data for the pre-post questionnaire and the utilization of healthcare services were extracted from the NHIS administrative system. The questionnaire concerned demographic information, knowledge of diabetes, self-management activities, health behaviors, height, and weight. Demographic information consisted of gender, age, place of residence, marital status, education level, and insurance type. Knowledge of diabetes was assessed with ten items ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, only online); these questions were designed to evaluate patient knowledge of diabetes and its management. Total scores for knowledge of diabetes ranged from 1 to 10. Each question was scored as 1 for a correct answer and 0 for a wrong or \"don\'t know\" answer. Self-management activities included nutrition management, monitoring blood glucose, foot care, oral care, and medication management ([Supplementary Table 2](#S2){ref-type="supplementary-material"}, only online). Fifteen items were used to evaluate patients\' abilities to self-manage in five domains: nutritional management (four items), monitoring blood glucose (three items), foot care (three items), oral care (two items), and medication management (three items). Each self-management question was scaled using a five-point Likert-type scale, with 5 indicating \"always,\" 4 indicating \"often,\" 3 indicating \"half of the time,\" 2 indicating \"sometimes,\" and 1 indicating \"never.\" However, for one question (\"Do you take any snacks between meals?\"), the scale for nutritional management was reversed, with 1 indicating \"always\" and 5 indicating \"never.\" Health behaviors included smoking, alcohol consumption, and exercise. To assess the subjects\' health behaviors, three questions were asked about smoking, alcoholic drinking, and regular exercises. Height and weight were also recorded to allow calculation of BMI. BMI (unit: kg/m^2^) was classified into five categories, according to the criteria of WHO Western Pacific Region: underweight (BMI \<18.5), normal or healthy weight (BMI 18.5-23.0), overweight (BMI 23.0-25.0), obese I (BMI 25.0-30.0), and obese II (BMI \>30.0). This questionnaire was first developed in 2002 by a research and development team that included 19 Korean professors, including representatives from medicine, nursing, and public health. After the developed questionnaire had been used for a year with diabetic patients in the NHIS case management program, it was validity-tested for content and reliability.[@B7]

To evaluate changes in the utilization of healthcare services, NHIS claims data were extracted from the health insurance claim database during the period from January 1, 2005 to December 31, 2007, based on the dates during which patients visited the clinics. The observation period differed in individual cases according to the days on which patients commenced the case management program, and data were therefore collected and computed individually. If a patient began the program on May 4, 2006, claims data were collected for that patient during the period from May 4, 2005 to May 3, 2006 for the pre-intervention observation and from May 4, 2006 to May 3, 2007 for the post-intervention observation. The dates of patients\' initial visits for the case management program ranged from January 10, 2006 to December 29, 2006. Indicators of healthcare services utilization for diabetes were the number of ambulatory consultations, days of medication prescribed, and medical expenses in one year. Ambulatory consultations were consultations with doctors in a single year, occurring in medical clinics, outpatient departments in hospitals, and community health centers. Days of prescribed medication were the cumulative days of medication prescribed by doctors in one year. Medical expenses were the total expenses covered by the National Health Insurance Medical Benefit Scheme, the Pharmaceutical Benefit Scheme, and the Medical Treatment Material Benefit Scheme in one year, including co-payments.

We classified the study population into three subgroups according to the number of ambulatory consultations and days of medication prescribed per year before intervention. Based on the previous study,[@B7] the under-serviced subgroup had 3-11 consultations per year, the over-serviced subgroup had more than 27 consultations, and the others were the \"average\" subgroup, regardless of the days of medication prescribed per year.

Data analysis
-------------

Statistical analyses were performed using SAS software (ver. 9.1, SAS Institute, Cary, NC, USA). First, we presented the general characteristics of the study population and the general population under national health insurance. Next, a paired t-test was used for pre/post comparisons within each group, and the McNemar test was used for ordinary variables. A *p* value \<0.05 was considered statistically significant.

Ethics statement
----------------

This study was reviewed and approved by the Faculty \[of Health Sciences\] Human Ethics Committee at La Trobe University (FHEC07/147).

RESULTS
=======

General characteristics of the subjects are shown in [Table 1](#T1){ref-type="table"}; 54% were females, and the mean age was 60.4 (SD=9.2) years. Most subjects were married (83.2%), and education levels varied: 11.5% had no education, 29.6% graduated from elementary school, 20.3% graduated from middle school, 28.0% graduated from high school, and only 8.1% were at the tertiary level. The residency demographics of the study population were metropolitan (39.6%), city (42.5%), and rural (17.9%). In addition, 45.5% of the study population remembered their blood glucose level at diagnosis, and 43.9% had diabetic complications.

Changes in scores for knowledge and management of diabetes are shown in [Table 2](#T2){ref-type="table"}. Knowledge scores increased from 5.66 (SD=2.54) at baseline to 8.35 (SD=1.94) after the intervention (*p*\<0.001). Nutrition scores also increased from 14.07 to 15.46 (*p*\<0.001). The self-monitoring score for blood glucose increased significantly from 6.75 (SD=3.35) to 8.30 (SD=3.28; *p*\<0.001). The foot care score increased from 9.42 (SD=3.16) to 11.52 (SD=2.52; *p*\<0.001). The oral care score increased from 5.74 (SD=2.04) to 6.50 (SD=1.88; *p*\<0.001). The score for self-management of medication increased significantly from 12.18 (SD=3.81) to 13.00 (SD=3.40; *p*\<0.001).

The proportion of daily smokers was 35.8% in males and 3.4% in females at baseline, and 2.5% of males (n=70, 7.1% of male smokers) and 0.2% (n=8, 7.1% of female smokers) of females had stopped smoking after intervention (males: *p*\<0.001; females: *p*=0.005). The proportion of alcoholic drinkers among men was greater than among women (51.0% of males, 8.3% of females) at baseline. The percentage abstaining from alcohol drinking was 4.7% in males (n=130, 9.3% of male drinkers) and 1.1% in females (n=37, 13.8% of female drinkers) after intervention (males: *p*\<0.001; females: *p*\<0.001). The proportion of those who exercised increased from 64.6% to 78.7% in males (*p*\<0.001) and from 56.6% to 78.7% in females (*p*\<0.001) after intervention. About half (n=1121) of the study population who did not exercise started to do regular exercise after the intervention ([Table 3](#T3){ref-type="table"}).

BMI was significantly reduced from 24.13 kg/m^2^ (SD= 2.85) to 23.98 kg/m^2^ (SD=2.78) in males and from 24.60 kg/m^2^ (SD=3.25) to 24.46 kg/m^2^ (SD=3.17) in females after intervention (males: *p*\<0.001; females: *p*\<0.001). The proportion of obese I and obese II patients significantly decreased from 33.5% to 31.4% (obese I) and from 2.6% to 2.3% (obese II) in men and from 38.3% to 35.4% (obese I) and from 5.2% to 4.9% (obese II) in women after the intervention (males: *p*\<0.001; *p*\<0.001) ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

Of the three subgroups, the usages of diabetic-specific healthcare services among two of the subgroups were contrary to each other ([Table 4](#T4){ref-type="table"}). In the under-serviced subgroup, there was a significant increase in the number of consultations (mean=3.2; SD=7.9), days of prescribed medication (mean=66.4; SD=120.3), and medical expenses (mean=287800 KRW; SD=881400 KRW) after intervention (all *p*\<0.001). Conversely, in the over-serviced subgroup, there was a significant decrease in the number of consultations (mean=7.0; SD=19.5) and medical expenses (mean=602100 KRW; SD=2540200 KRW) after intervention (all *p*\<0.001).

DISCUSSION
==========

Our aim was to provide evidence as to how well the current program was working and to show its effects by estimating changes in diabetics\' knowledge, self-management ability, health behaviors, such as smoking, alcoholic drinking, or exercise, BMI, and the utilization of healthcare services for diabetes.

First, the NHIS case management program improved patients\' knowledge and self-management abilities for nutrition, blood glucose monitoring, foot care, oral care, and medication. These findings are consistent with previous studies, which found that supporting patients with diabetes produced positive health outcomes. Fan and Sidani[@B8] concluded from a meta-analysis that diabetes self-management education interventions were effective in improving knowledge, behavior, and metabolic control outcomes in adult patients with type-2 diabetes. Norris, et al.[@B9] reported from their systematic review that self-management training in type-2 diabetes had short-term positive effects of less than six months for knowledge, frequency, and accuracy of self-monitoring blood glucose, self-related dietary habits, and glycemic control. Lim, et al.[@B10] reported that better-educated patients were more likely to monitor their blood glucose.

Second, this program reduced smoking and alcohol drinking rates and increased exercise rates significantly, in addition to significantly reducing BMI. Deakin, et al.[@B11] had the same results as this study and showed that an expert-patient program in the UK made significant improvements in physical activity levels, BMI, and waist circumference when compared with control patients. People who are obese and exercise are more likely to make a greater change in BMI than those who are not obese or who do not exercise. However, Glasgow\'s study showed that BMI was not significantly different between intervention and control,[@B12] and Norris, et al.[@B13] found insufficient evidence for determining the effectiveness of disease management on BMI. Though the change in BMI has statistical significance, it is difficult to determine whether this small change has public or clinical significance, as this study is a pre-post comparison and has a large sample size. In order to overcome this weakness, it is necessary to compare the outcome of the intervention group with a control group.

Third, this program affected healthcare utilization. The use of diabetic-specific services by the over-serviced subgroup decreased significantly after the interventions, while the under-serviced subgroup showed a significant increase in utilization. International evidence for the impact of programs on the utilization of healthcare services is inconsistent. Several previous studies demonstrated a reduction in medical service utilization. A Spanish diabetes self-management program showed fewer emergency room visits and a trend towards fewer visits to physicians at 6 months.[@B14] Additionally, Berg and Wadhwa[@B15] suggested that providing diabetes disease management in a community-based setting was associated with a substantial reduction in medical-service utilization. However, utilization of healthcare services remained unchanged in the lay-led self-management programs heavily promoted by the UK Department of Health as part of a drive to reduce usage of acute healthcare services.[@B16],[@B17],[@B18],[@B19] Foster, et al.[@B20] and Griffiths, et al.[@B21] argued that if lay-led self-management programs aim to reduce healthcare resource usage, there is insufficient evidence to justify widespread lay-led self-management interventions. However, the NHIS case management program encouraged using healthcare services for diabetes, particularly for patients with under-average or average service usage in the short term. This difference between the studies may result from differences in the participants. Most Korean participants were under-serviced (37.9%) and average-serviced patients (45.1%); however, the participants in Berg and Wadhwa\'s[@B14] study were high users of inpatient services due to the health plan\'s selection of patients with the most severe cases of diabetes.

Case management generally aims to provide cost efficient and effective care through the coordination of required services. The Case Management Society of America defines case management as \"a collaborative process, which assesses, plans, implements, coordinates, monitors and evaluates options and services to meet an individual\'s health needs through communications and available resources to promote quality and cost-effective outcome.\"[@B22] In the same manner, the NHIS case management program provides the chronically ill with information and guidance on how to manage their conditions and use healthcare services appropriately. It aims to help consumers make better-informed decisions for choosing healthcare services and practicing self-management. The ultimate goal of this program is to prevent or delay disease complications and excess costs.[@B5],[@B7] Meanwhile, the practice of case management depends largely on the type and structure of the organization that operates the program and varies across the health and social care sectors.[@B23],[@B24] In the UK, case management is mainly a community-based model, while a hospital-based model is predominant in the US.[@B25] However, the case management program of the NHIS is different from those of other countries in its practice and personnel. First, this program is a virtual patient-support program, which was intended to promote healthy behaviors, encourage rational use of healthcare services, and reduce healthcare costs. The content and approaches of the NHIS case management program are closer to self-management interventions than to case management, and its clients are typically living in the community and are not highly complex patients. Case managers set a care plan with patients, which is an action plan for the intervention that is designed to achieve the goals of changing health behaviors and reducing risk factors; it does not include a treatment plan. The NHIS sets target populations, prioritizing people who are under-serviced or over-serviced, and intends to involve coordinating resources available in the communities and to encourage appropriate use of healthcare services for better long-term outcomes. Second, the case managers of this program in Korea work only with patients. The case managers do not coordinate healthcare services or formally collaborate with healthcare providers, which is attributable to the fact that healthcare providers under a fee-for-service system are not motivated to provide continuous or comprehensive care for people with chronic diseases. Thus, the services of the case management program are not integrated into the mainstream healthcare delivery system. Physicians are an important source of motivation and feedback, and their involvement may improve diabetics\' behavioral changes. Therefore, a method for integrating case management intervention into an existing healthcare system also needs to be addressed in further research.

The strength of this study is that it is a large study involving a nationwide program and uses not only the subjective answers of the questionnaire but also objective indicators such as healthcare service utilization. However, this study has several limitations. First, the design of the study was a pre-post test; hence, there was no control group with which comparisons of outcomes could be made. The resources available for the study did not allow for a randomized control trial, nor was a randomized control trial considered practical. Additionally, this study had to use data generated from existing administrative data of the Korean NHIS, as well as self-reports from the study population. Second, the study population consisted of patients who consented to participate in the case management program. This recruitment method means that the participants were those who had already paid more attention to their health and showed some elevated motivation for change. Thus, the results of this study may be more reflective of people actively engaged in self-care and seeking social support for their diabetes. In conclusion, this study showed that a case management program for diabetics led the study population to improve their knowledge, self-management ability, health behaviors, BMI, and health care usage. The results indicate that the NHIS case management program for diabetes is a useful intervention for diabetics. However, the effectiveness of case management should be confirmed in rigorously-designed and prospective trials in order to evaluate the appropriateness of healthcare usage and clinical outcome which will in turn show the direct effectiveness of a case management program by including a control group.
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###### Supplementary Table 1

Patients\' Responses to Knowledge about Diabetes

###### Supplementary Table 2

Patients\' Responses to Nutrition Management Test Items (Unit: %)
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###### 

General Characteristics of the Study Population
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NHIS, National Health Insurance Service.

^\*^Awareness: Do you remember your blood glucose levels at initial diagnosis?

^†^Complication: Do you have diabetic complications? If you do, what diseases do you have?

###### 

Comparison of Knowledge and Management for Diabetes at Baseline and after Intervention
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*p* values from paired t-test.
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Comparison of Health Behaviors at Baseline and after Intervention
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*p* values from the McNemar test.

###### 

Comparison of Healthcare Utilization for Diabetic Specific Services at Baseline and after Intervention
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*p* values from paired t-test.
